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become functional, or, conversely, they may emerge in a non-functional or only partly functional positions and are termed impacted. This phenomenon can affect any tooth but the impaction rate is much more frequent in mandibular third molar and the prevalence is influenced by age, gender, ethnicity and the skeletal face type. 3 There have been an increasing numbers of published studies reporting dental decay development in the tooth immediately next to the impacted wisdom tooth. [4] [5] [6] [7] [8] The caries process usually affects the distal aspect of the second molar ( Fig. 1 ) and this has been strongly associated with impacted mandibular third molars especially mesioangular impactions. [8] [9] [10] Frequently the development of decay remains unnoticed and this is thought to be partly due to the difficulty in detecting caries via visual examination and lack of
Background
Third molars generally erupt between the ages of 17 and 24 years, although there is wide variation in eruption times and some wisdom teeth may still emerge even beyond the fifth decade of life. 1, 2 Wisdom teeth may erupt into the correct dental position and Objectives The objectives of the prospective study were to establish the prevalence of distal caries (DC) in the mandibular second molar and to assess the outcomes of these diseased teeth in our population. Further aims were to identify associated risk factors and to design a protocol for prevention. Methods Clinical and radiographic data from 210 consecutive patients were ascertained over a three-month period. The sample population included all patients who had been referred to a hospital oral surgery department for a lower wisdom tooth assessment. Results A total of 224 mandibular third molars were included and assessed. The prevalence of caries affecting the distal aspect of the second molar was 38% (n = 85) in this population. In 18% of patients there was evidence of early enamel caries. Fifty-eight percent of caries was managed with restorative treatment but 11% of patients required second molar extraction and 13% of patients required the removal of the second and third molars. The prevalence of distal caries was significantly higher in patients with partially erupted wisdom teeth positioned below the amelocemental junction (P <0.05) of the adjacent second molar and in patients who presented with mesioangular impactions (P <0.001). However there was no difference in dental health when comparing this group to the remaining study population (P = 0.354). The Pearson chi-square test and Pearson correlation coefficient were used to verify the association between the tested variables. Conclusion This study demonstrates that the eruption status, type of angulation and the nature of tooth contact between both molars are useful disease predictors which can be used to indicate the likelihood of a caries process occurring on the distal aspect of the second mandibular molar. If patients' third molar teeth are not removed then consideration needs to be given to prevention and regular monitoring.
detailed recommendations or guidance dentists currently receive on screening for this issue. 11 The incidence of impacted wisdom tooth retention causing an influence on the dental arches in such a fashion is well Highlights the growing problem and increasing incidence of distal caries in lower second molars in the post-prophylactic removal era.
Identifies distal caries risk factors and emphasises the importance of a caries risk assessment, caries prevention strategy and the need for timely wisdom tooth assessments.
Provides a decision-making protocol for primary care to improve the outcomes of second molars adjacent to asymptomatic partially erupted mandibular third molars. Fig. 1 Left bitewing radiograph showing a mesioangular impacted wisdom tooth and dental caries affecting the distal surface of the second mandibular molar documented in the literature and has been classed as a dental public health concern. 12 Various cariology studies have also shown that third molar removal is firstly, ultimately required in many of these cases, and secondly, demands additional care to the second mandibular molar. 12, 13 There is also evidence that the restricted third molar removal indications (Table 1 ) from the National Institute of Health and Care Excellence (NICE) 14 contribute to the increasing incidence of this almost exclusively observed caries pattern by promoting third molar retention and restricting decay-related third molar removal merely to situations in which caries rendered the tooth unrestorable. 15, 16 However, at present the evidence base for the benefit of timely surgical removal of wisdom teeth is still developing 17 and the purpose of this paper is to present the risk factors associated with DC in the mandibular second molar. Previously very little detail has been reported in the literature on the fate of the second mandibular molar and this paper addresses this knowledge gap and provides original data.
In brief

Aim and objectives
The aim of our study was to identify the prevalence of DC in the mandibular second molar of patients referred for lower third molar assessment and to analyse the outcomes of these diseased teeth in our population. We also planned to evaluate the relationship between the oral health status, type of third molar impaction, the nature of the tooth contact between both mandibular molars and the occurrence of caries on the distal surface of the second molar. We were particularly interested in the general caries risk of the referred patients and assessed their oral health status by measuring the DMFT index score (decayed, missing filled teeth). Our second objective was to design a protocol for prevention based on our findings.
Material and methods
This prospective observational study collected data over a three-month period from 210 consecutive adult patients attending an oral surgery consultation clinic at the University Dental Hospital in Manchester, UK. The sample population included all patients that had been referred by general dental practitioners for lower wisdom tooth assessment or related issues for example, signs or symptoms suggestive of mandibular third molar pathology. Patients with absent mandibular second molars were excluded from the study as we assessed DC prevalence which is a measurement of all patients affected by the disease at this particular time. The data recorded for each patient were demographics, DMFT index score, angulation (according to Winter's classification [1926] which classifies third molars by their long axis and angulation with respect to the long axis of the adjacent second molar), eruption status of the impacted third molar, molar-to-molar contact (obtained by analysing the position of the mesial cusps of the third molar in relation to the amelocemental junction [ACJ] of the adjacent second molar), presence or absence of DC in the mandibular second molar and the outcomes of these carious teeth.
The data were recoded from clinical examination and radiographic assessment of the posterior mandibular teeth with a full or sectional dental panoramic tomograph (DPT). All DPTs were viewed under standardised conditions either via a system called PACS (picture archiving and communication system) or on a radiographic viewing box by observers that underwent pre-study calibration to improve intra-examiner reliability. Consensus was reached by discussion for any cases of disagreement. When calculating the DMFT score we excluded the second mandibular molar if DC was the only lesion affecting this tooth. Statistical analysis used SPSS version 20.0. Frequency tables and t-test and Pearson χ 2 test analysis are presented. The Pearson correlation coefficient was used to verify the association between the tested variables (p ≤0.05).
A pilot data collection was also carried out for a period of one week in advance of the study to check any difficulties that may arise with the record handling or data collection. The pilot included 69 consecutive patients. No amendment to the data collection system was required to the study.
The study was registered and approved by the audit committee of the Central Manchester Foundation Trust (CMFT).
Results
A total of 210 patients with 224 mandibular third molars were assessed. Fourteen patients had bilateral third molars assessed and from these patients, two suffered bilateral and three patients unilateral DC, the remaining nine patients had no DC.
In the study, 45.5% of all patients were male and 54.5% were female. The modal age was 27 years and the mean age of the population was 29 years, with a range from 16 to 60 years of age. The prevalence of DC of the second molar was 38%, (n = 85) teeth and affected 80 patients.
The outcomes of these carious teeth are illustrated in Table 2 . In 18% of the patients there was evidence of early enamel caries and the treatment recommended was preventative advice and fluoride application in the primary dental care setting. The majority of patients (58%) required treatments including root canal therapy with placement of direct or indirect restorations due to extensive caries When comparing the DC with the DC-free group the female gender was higher by 10% in the DC-free group. The modal and mean age was 24 and 25 respectively and the age ranged from 19-60 years, in comparison to the DC group in which the modal and mean age was 27 and 30 respectively and the age range was 16-51 years.
The prevalence of DC in the second molar was significantly higher in subjects with partially erupted mandibular third molars with a mesioangular impaction (P <0.001) Figure 2 . Figure 3 shows the prevalence of DC in the second molar in relation to second and third molar contact point. A significantly higher proportion of patients experienced caries with mandibular third molars position below the ACJ (P <0.05).
The mean DMFT score was slightly higher in the distal caries group by 1.06; however, we found no statistical significant difference when comparing the group affected by DC in the second mandibular molar with the remaining study population (P = 0.354) as shown in Table 3 .
The study demonstrated that the prevalence of DC was significantly higher in partially erupted wisdom teeth with a mesioangular impaction pattern positioned below the ACJ of the adjacent second molar. However, there was no significant difference in dental health when comparing this group to the remaining sample population.
Discussion
The literature describes the prevalence of second molar DC adjacent to impacted third molars in the UK in a range of 1-4.7% before [18] [19] [20] [21] [22] and 15.7-51% after 10, 11, [23] [24] [25] [26] 32 the publication of the NICE wisdom tooth guidance or in areas where third molar prophylactic removal was discouraged. By comparing the proportions of newly reported cases during set time periods, the literature reports the occurrence of DC in the second molar is fluctuating between different populations but, strikingly, differs between different time periods. Our present study reports a prevalence of 38% in the Manchester population that is in line with findings of other studies from the same time period. 4 
NICE
14 recommends the retention of third molars unless unrestorable caries had developed but did not consider the potential for caries development in the adjacent second molar tooth. The impact of wisdom tooth retention has now become evident with several papers reporting the development of caries in the adjacent tooth as a consequence of third molar retention although taking many years to develop and diagnose. 12, 13, 16 In effect the NICE guidance in 2000 14 has served to provide a population-based 'before and after' study analysis permitting the evaluation of long-term outcomes of asymptomatic third molar retention such as distal caries in the second molar. Hypothetically, we could consider the study populations as two cohorts in the forward directionality, one pre-NICE and one post-NICE publication and perform an analysis of the mean prevalance of DC of each era. This analysis indicates that the relative risk of developing DC in the second molar is 11 times greater when asymptomatic third molars are retained. This evaluation is not specific to a particular third molar angulation but is thought to be even higher in mesioangular impactions. Allen et al. 9 reported that mesioangular impacted third molars are 9.4 times more likely to have DC affecting the second molar when compared to any other angulation type. The authors noted caution in that their cohort analysis was conjectural and assessed was in very specialised settings.
It is not surprising that DC in the second molar has become a significant concern among clinicians. Its early detection is frequently challenging thus the diagnosis is often made late in the disease process. 12 This is reflected by the findings in our study as early caries has only been detected in 18% of patients, and 24% of patients showed extensive DC which could no longer be predictably restored thus required removal. The majority of patients, 58%, required expensive and time-consuming advanced restorative treatments often with questionable prognosis. Undoubtedly, the outcome of the second molars once affected by distal caries is very poor.
Knutsson et al. 27 reported that mesioangular and horizontal positioned third molars are more likely to be associated with caries development in the adjacent second molars. These findings are in line with our results as 85% of all carious second molars were associated with such impaction patterns. We found that distal caries in the second molars can occur with any impaction type and is not only limited to convergent angle impactions. However, the incidence is far less common and it appears that distoangular impaction could be determined as a protective factor for DC.
In 2012 McArdle and Renton 15 reported that increasing age is significantly associated with caries formation and in 2006 the authors assumed 8 that DC in a mandibular second molar is tooth specific and would not develop in the absence of an impacted third molar. These findings are only in part supported by our present study as we observed a number of second molars with DC adjacent to fully erupted mandibular third molars. We propose that the length of time a mesioangular or horizontal wisdom tooth requires to either fully erupt or remain in a partial erupted state is a critical factor in the development of DC in the second molar. Long-standing partial erupted wisdom teeth unceasingly increase the caries susceptibility of the adjacent second molar making demineralisation and cavitation a very likely outcome. This pathological change can exclusively or in combination with other anatomical alterations provide the appropriate space needed for the wisdom tooth to change position and fully erupt, leaving the second molar affected by DC. We suggest that this phenomenon requires documenting as it permits the deceptive appearance of distal caries in apparently fully erupted third molars. Being directly related to increasing age, we advocate that DC is significantly linked to the length of time a wisdom tooth is in a partially erupted state and consequently these patients are older.
It has previously been suggested in the literature that the pattern of distal caries is unique in that it is seen at the ACJ and is classified as distal-cervical caries, a variant of root surface caries. 26 However, two different types of DC patterns have been observed during the conduct of our study. Specifically, distal root surface caries which have previously been described, but also, approximal surface caries affecting the distal surface of the second molar. We found that the latter is frequently associated with second molars when the mesial cusp of a partially erupted mesioangular impacted third molar contacts above the ACJ and the former when contact is made below the ACJ of the adjacent molar.
Approximal caries can be detected radiographically by a notching of the enamel surface below the contact point. 28 This is in contrast to root surface caries, which develops between the ACJ and the free gingival margin and occurs only in areas of loss of attachment and alveolar bone height, exposing permeable cementum, resulting in a caries process which is much more hostile. 29, 30 This would provide an explanation as to why we found a significantly higher proportion of second molars with evidence of DC for mandibular third molars positioned below the ACJ. Similar results were found in a study by Ozec et al. 31 of a Turkish population but no explanation was provided. Giving the variable radiographic presentation of the cavitation we suggest the umbrella term 'distal surface caries' (DSC) as it embraces both caries processes. This understanding of the DSC process and how it invades and spreads through hard tissues should help to detect these caries lesions earlier and ultimately improve the outcome of the second mandibular molar.
Knutsson et al. 27 proposed that susceptibly to DSC in second molars is linked to high susceptibility of dental caries in general. On the other hand, McArdle et al. 26 reported that DMFT scores of patients with DSC are usually lower than that for a similar age group. In our study, the mean DMFT score was marginally higher in patients with DSC but this was not found to be clinically significant. However, patients in the DSC group were on average 5 years older than patients in the DSC-free group. These findings seem to support the observation, by McArdle et al., 26 that patients with DSC on average have better dental health. The DMFT index scores provide largely a summary of the current and past caries experience of a patient and this is essentially the information general dentists use in a clinical environment for a caries risk assessment to predict an adult patient's future caries risk. 32 Traditionally this has been shown to have good predictive powers in the completely erupted dentition 32 but it appears not to be a reliable predictor of DSC risk in the second molar adjacent to a partially erupted third molar. Our study findings strongly suggest that the standard routine programme of dental care for pathology-free wisdom teeth needs to be different to that of the remaining dentition and so we have proposed a summary of the characteristics of third molars that predispose second molars to a high risk of DSC (shown in Fig. 4) . We also wish to suggest a following management strategy for primary care for the improvement of outcomes of mandibular second molars with asymptomatic partially erupted wisdom teeth asshown in Figure 5 .
Conclusions
We found that the eruption status, angulation of the third molar impaction and the nature of the tooth contact between both molars are useful disease markers and can be used to indicate the likelihood of a caries process occurring on the distal aspect of the second mandibular molar. Regular monitoring of at-risk patients in primary care with bitewing radiographs has the greatest potential to highlight any problems earlier, ultimately to the benefit of the patients. We also found that the mean DMFT score was marginally higher in patients with DSC but this was not clinically significant therefore we question the predictability of DSC via the DMFT score.
If patients' asymptomatic third molars are not removed because NICE deems this care inappropriate then consideration needs to be given to regular monitoring. Currently, there is no detailed guidance or recommendation for dentists and in light of this we devised a decision-making protocol for assessment of second molars adjacent to asymptomatic partially erupted mandibular wisdom teeth for use in general dental practice. The utility of this protocol needs to be tested. 
